HE MAIZE (Zea mays L.) was grown on a clay soil at Irrigation ……Development Area of Alwezaria, Kafr El-Shiekh, Egypt, during 2012 and 2013 seasons, to study the effect of irrigation regimes during different growth stages on growth, grain yield and water relations. Irrigation was applied at 50% (high level, H) and 65% (low level, L) depletion of available soil moisture (DAM) during different growth stages [vegetative stage (S 1 ) from the third leaf (V3) to onset tasseling (VT) stages, reproductive stage I (S 2 ) from VT to mid-milk (R3) stages, reproductive stage II (S 3 ) from mid R3 to physiological maturity (R6)].
I HHH treatment (Irrigated at 50% DAM during three growth stages) or I HHL (Irrigated with 65% DAM at S 3 stage only and 50% DAM was used during S 1 and S 2 growth stages), I LHH (Irrigated with 65% DAM at S 1 growth stage only and 50% DAM was observed during S 2 and S 3 growth stages) and I LHL (Irrigated with 50% DAM at S 2 growth stage only and 65% DAM was observed during S 1 and S 3 growth stages) resulted in significant increase in leaf area index (LAI) and dry weight/plant at 99 days after sowing (DAS), crop growth rate (CGR) at the period of 81-99 DAS, ear length, ear diameter, kernels number/ear, grain weight/ear, 100-grain weight and grain yield compared with I LLL (Irrigated with 65% DAM during three growth stages ) in the two seasons. There were no significant differences in grain yield among the irrigation treatments I HHH , I HHL , I LHH and I LHL in the mentioned traits in both seasons.
Abundance soil moisture in root zone during S 2 stage (containing tasseling, silking, blister and mid-milk stages) is necessary to achieve high grain yield equal to that during entire season. I HHH treatment recorded the highest values of applied water (7286 and 7321 m 3 /ha), while I LLL recorded the lowest values 6171 and 6198 m 3 /ha in the two seasons. Although, the treatments received irrigation at 50% DAM during S 2 stage (I HHL , I LHH and I LHL treatments) were equivalent to those received irrigation at 50% DAM during entire seasons (I HHH treatment), they were lower in amount of applied irrigation water and water consumptive use. They saved at least 11.3, 16.0 and 19.9% applied water parallel with the yield decrease at the most 3.1, 3.2 and 5.3% than I HHH treatment, respectively. Also, they increased the productivity of applied water (WP water applied ) and water consumptive use (WP WCU ) (kg grain/m 3 water) compared with I HHH in both seasons.
At North Delta, Penman Monteith equation can be used in determining the actual consumptive use and the average of crop Coefficient (Kc) for the two seasons was found to be 0.43, 0.54, 0.64, 0.58 and 0.51 during emergence, vegetative, tasseling to milk, milk to dent and dent to maturity stages, respectively. Therefore, when irrigation water becomes a limited factor for agriculture, we can apply I LHL treatment which resulted in high grain yield and water productivity equal to I HHH with less amount of applied irrigation water and consumptive use in Kafr El-Shiekh Governorate.
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Maize (Zea mays, L.) is one of the most important summer crops in Egypt. Cultivated area was about750000 ha of land with 5.8 megatons produced in 2014 (FAO, 2014) . Agriculture consumes more than 85% of Egypt's share of Nile water annually (MWRIE, 2014) .Although Egypt suffer from relative scarcity of water resources, we need more water to reclaim new lands to meet the increase in demand for food (Hafez & Gharib, 2016) . Improvement and development water management is expected to increase water efficiency and saving some water for new reclaim territory. Knowledge of consumptive use is necessary for planning farm irrigation systems and improving irrigation practices. Managers of these crops can determine how much supplemental water is needed to achieve maximum productivity with less water (Kebede et al., 2014) .
Evapotranspiration (water consumptive use) is a Standard method for the estimation of water requirement which should be applied under field condition (Kullberg, 2015) . Many experiments conducted to deficit irrigation scheduling during different growth stages (Ge et al., 2012 and Igbadun et al., 2008) . Mansouri-Far et al. (2010) reveals that identifying the most sensitive stage of the plant development to water deficit is a way to enhance crop production. Igbadun et al. (2008) showed that water deficit treatment which irrigation was skipped every other week at all growth stages of maize induced reduction in leaf area index, dry matter and grain yields and seasonal evapotranspiration. While the highest water use efficiency was under full irrigation, maximum irrigation water use efficiency was obtained in the deficit irrigation treatment at vegetative growth stage. Mansouri-Far et al. (2010) reported that the reproductive stage was more sensitive to water stress than the vegetative stage in yield reduction. The 100-kernel weight was the most sensitive yield component when the water deficit treatments occurred in low-sensitive growth stages. Leaf area index was reduced about 15% under water deficit at vegetative stage. Ge et al. (2012) pointed out that grain yield and ear kernel number decreased, respectively, by range from 20.4 to 26.1% and 12.1 to 19.7% for 55% field capacity (FC), and 59.2 to 84.5%and 39.8 to 88.1 % for 35% FC. However, 55 % FC reduced plant height, leaf area, biomass accumulation, net photosynthesis and ear length and diameter compare to 75% FC. Water use efficiency (WUE) decreased at thirteenth leaf (V13) and harvest stage (R3), while WUE increased at sixteenth leaf (V16) and silking stage (R1) under 55% FC. Farré & Faci (2009) ,while well-irrigated treatments was1069 g m -2
. (Çakir, 2004) found that deficit irrigation during vegetative and tasseling stage reduced plant height and leaf area index as a result of reducing size of the leaves. Short-duration water stress at the rapid vegetative growth reduced final dry matter weight 28-32%. A single irrigation skip during one of the sensitive growth stages or both the tasseling and ear formation stages may cause a 30-40% and 66-93% grain yield loss respectively. Bahadori et al. (2015) stated that during flowering stage, one single day of water stress can potentially decrease yield up to 8%. Ghooshchi et al. (2008) indicated that yield reduction due to water stress before silking, silking and filling growth stages was 12.5, 42.0 and 22.5% respectively. Kuşçu & Demir (2012) observed that the full irrigation treatment (VFG) gave the highest seasonal evapotranspiration. There are insignificant differences between the VFG and 25% water deficit at grain-filling stage (VFG75) treatments ingrain yield and dry matter yield. The flowering and vegetative stages were recorded as the most sensitive stages to water deficit. Djaman (2011) concluded that Irrigation regime of 25% water saving could ensure satisfactory grain yield of maize and increment of WUE. Crop evapotranspiration increased with irrigation amounts while it decreased with irrigation regimes. Grain yield losses due to the water stress is varied between1 to 76% depending on the severity, timing and stage of occurrence (Mostafavi et al., 2011 and Zarabi et al., 2011) .
The objectives of this work were to study the effect of irrigation water regime based on depletion of available soil moisture at different growth stages on growth, grain yield, yield attributes, water consumptive use and amount of applied water and water productivity of maize cv. SC10.
Materials and Methods
Two field experiments were conducted in summer 2012 and 2013at the field of Irrigation Development Area of Alwezaria (31°11'N, 30°57'E), Kafr El-Shiekh Governorate , in Northern Egypt. The experimental soil was clay in texture with a pH of 7.8. Organic matter, total nitrogen, available phosphorus and available potassium were 1.49 %, 0.14 % ,15.8 mg kg -1 and 250 mg kg , respectively (Black et al., 1965 The treatments were irrigation at 50% (high level, H) or 65% (low level, L) depletion of the available soil moisture (DAM) during three growth stages as shown in Table 3 . Vegetative corn growth stages was determined according Ritchie et al. (1993) . A randomized complete block design with four replications was used. Each plot 42 m 2 size consisted of 10 ridges 70 cm apart and 6 m long to avoid the effect of lateral water leak of irrigation; plots were isolated by levees 1.5 m wide.
Irrigation treatments started after the first irrigation. In each plot, the two outside ridges were left to avoid border effects and the two following ridges were used for determination growth, while the 6 inner ridges were used for measuring of grain yield and its component. Five guarded plants were randomly taken from each plot at 60, 81 and 99 days after sowing (DAS) to estimate dry weight and leaf area per plant. The different plant fractions were washed and oven dried to a constant weight at 70 o C. Portable Area Meter (Model LI-3000A) was used to measure leaf area. The growth analysis, viz. leaf area index, crop growth rate and net assimilation rate were computed according to Watson (1952) .Ten maize plants from each plot was harvested to determine plant height, ear height, ear length (cm), ear diameter (cm), ear grains weight, shelling % and 100-seed weight (g). Maize plants of the 6 inner ridges of each plot were harvested to determine grain yield per hectare (ha).
Amount of applied irrigation water were measured by a portable pump equipped with a water meter for each plot. Actual need for irrigation was determined by drying the soil samples for 24 h to 105 C and the percentage of moisture was expressed on oven dry weight basis. Soil samples were taken at each 20 cm soil depth to 60 cm before and after irrigation. Water consumptive use (WCU)was calculated from sowing to harvest using the method of Israelsen & Hansen (1962 Water productivity for applied water (WP water applied ) and water productivity for water consumptive use (WP water consumptive use ) were measured according to El-Bably et al. (2015) (Allen et al., 1998) .
Analysis of variance (ANOVA) was assessed according to Gomez & Gomez (1984) and the means were compared by Duncan's Multiple Range Test (Duncan, 1955) . The data was analyzed using CoStat software for windows (version 6.3).
Results and Discussion
Growth Table 4 shows significant effect of water deficit treatment in the leaf area index (LAI) and dry weight (g/plant) of the maize at 60, 81 and 99 days after sowing (DAS) for the 2012 and 2013 seasons. At 60 DAS, irrigation treatment I H during S 1 stage resulted in a significant increase in LAI and dry weight/plant compared with I L treatment in the two seasons. At 81 DAS, treatments I HH or I LH during the two stages S 1 and S 2 produced higher LAI and dry weight/plant than did the other irrigation treatments. At 99 DAS,I HHH , I HHL, I LHH and I LHL treatments which plants irrigated at 50 % DAM during the reproductive stage, IVT-R3 markedly exceeded I HLH , I HLL , I LLH and I LLL treatments than those irrigated at 65 % DAM at these stages in LAI and dry weight/plant in the two seasons.
Thus, sufficient soil moisture in the root zone through irrigation at 50% DAM during entire season or from onset tasseling to mid milk stage increased the capacity of maize plants to accumulate dry matter.
However, plants under favorable moisture conditions resulted in good leaf emergence, extension and number (Ge et al., 2012) .This may be attributed to the increase in the area of photosynthesizing leaves which in turn resulted in more photosynthates available for dry matter accumulation. These results are in harmony with those of Pandey et al. (2000) , who stated that increasing moisture stress resulted in progressively less shoot dry matter. Also, Çakir (2004) and Yılmaz et al. (2010) found that deficit irrigation during vegetative reduced leaf area index as a result of reducing size of the leaves. Short-duration water stress at the rapid vegetative growth reduced final dry matter weight. Total dry matter accumulation was accelerated after each irrigation application. Igbadun et al. (2008) reported that omitted irrigation every other week during the crop growing season gave the least values leaf area index and dry matter of in the two seasons, while weekly irrigation recorded the highest values.
The effects of water regime at different growth stages on crop growth rate (CGR) and net assimilation rate (NAR) were determined for maize (Table 5) . Results showed that there is a significant effect in the two seasons.
At the first period 60-81 DAS, the highest CGR and NAR of maize obtained from (I HH ) and (I LH ) treatments compare to (I HL ) and (I LL ) at the S 1 and S 2 stages in 2003 and 2004 seasons. At the period of 81-99 DASI HHH , I HHL, I LHH and I LHL treatments, being insignificant, resulted in a substantial increase in CGR compared with I HLH , I HLL , I LLH and I LLL treatments in both seasons. This may be attributed to the effect of the mentioned treatment on increasing photosynthetic area, which was reflected in higher dry matter accumulation per unit ground area (crop growth rate). Similar results were reported by Abayomi et al.(2012) and Udomprasert et al.(2005) .
On contrary, data in Table 5 at the period of 81-90 DAS show that the irrigation treatment I LLH produced higher NAR than all the other treatments. Such reduction in NAR obtained from irrigation at 50% DAM during entire season or during the reproductive stageIVT-R3 may be attributed to very large leaf area which led to increase mutual-shading and transpiration and in turn caused a reduction in rate of assimilation per unit of leaf area (NAR). However, the reduction in NAR at low soil moisture level during entire season (I LLL ) may be attributed to decrease LAI which might have decreased light interception and in turn decreased dry matter accumulation. These results are accordance with those reported by Abayomi et al. (2012) and Udomprasert et al. (2005) , who reported that net assimilation rate was reduced by water stress. Plant and ear height were significantly affected by irrigation regime during different growth stages in the two seasons (Table 6 ). I HHH , I HHL , I HLH and I HLL treatments which plants irrigated at 50 % DAM during vegetative growth stage, being insignificant, were taller than I LHH , I LHL , I LLH and I LLL treatments which Irrigated at 65 % DAM during vegetative stage in both seasons. Generally, water stress through irrigation based on low soil moisture level during entire season and during vegetative stage caused a depression in plant and ear height as a result of losing turgidity and inhibition of cell enlargement. In these connections, Kramer & Boyer (1995) stated that the plant growth is correlated by rates of cell division and enlargement. Water deficit checked or stopped cell enlargement which it inhibit the degree of cell turgor and stem and leaf elongations. Çakir (2004) found that irrigation applied at the beginning of two growth stages (vegetative and tasseling) affected plant height growth significantly. Ghooshchi et al. (2008) reported that missing one irrigation at different reproductive growth stages significantly reduced plant height and plant leaf area as compared with the control. They stated that the depression in these growth parameters as results of water deficits may effect on the loss of turgor which affects the rate of cell division and enlargement. Such result is in agreement with those of Aydinsakir et al. (2013) , Farré & Faci (2009) and Pandey et al. (2000) .
Irrigation regime during different growth stages had a significant effect on ear dimensions (length and diameter) in both seasons (Table 6) . Plants irrigated at 50 % DAM during entire season or during the reproductive stage I VT-R3 (I HHH , I HHL , I LHH and I LHL ) produced significantly longer and thicker ears than those irrigated at 65 % DAM during this growth period (I HLH , I HLL , I LLH and I LLL ) in the two seasons.
Data indicated that increasing available soil moisture in root zone during ear formation resulted in substantially increase in ear dimensions. The decrease in ear diameter and length may be assigned to the reduction of photosynthetic assimilation under drought stress (Bänziger et al., 2000) . Our results are coincidence with findings by Aydinsakir et al. (2013) , Kebede et al. (2014) and Moosavi (2012) . 
Yield attributes
The irrigation level during different growth stages gave significantly effect on number of kernels per ear in the two seasons (Table 6 ).I HHH treatment produced significantly greater number of kernels per ear than I LLL treatment in the two seasons. Number of kernels per ear produced by maize plants which received high soil moisture during the reproductive stage I VT-R3 (I HHL , I LHH and I LHL ) or during entire season (I HHH ) was practically the same. Number of kernels per ear was increased by increasing available soil moisture in root zone during entire season or during VT-R3 stage. This may be attributed to increase ear diameter and length. In this regard, Yılmaz et al. (2010) concluded that water stress at tasseling stages and milk stages decreased the kernel set on the ear. Aydinsakir et al. (2013) observed that the deficit in soil water content in flowering stage resulted in delayed silk emergence and their growth upsets, so anthesis-silking interval increased in water deficit treatments greatly. They add that delayed silk emergence caused non-simultaneous pollination and silking. Song-Feng et al. (1998) showed that water deficit led to slower pollen and filament development, reduced filament fertility and caused a reduction in grain number per ear. This result supported the works of Çakir (2004), Ge et al. (2012) and Kebede et al. (2014) . Table 7 show that 100-grain weight was significantly heavier in all treatments receiving irrigation at 50% DAM during VT-R3 or R3-stage (I HHH , I HHL , I HLH , I LHH and I LHL ) than irrigation at 65% DAM during entire season in both seasons. Thus, sufficient soil moisture in the root zone through irrigation at 50% DAM during entire season or during reproductive stage increased the capacity of maize plants to accumulate dry matter through the increase in the area of photosynthesizing leaves which in turn resulted in more photo-synthetics available for filling grains. In this connection, Yılmaz et al. (2010) stated that kernel weight of full irrigation and irrigation until milk stage treatments was higher even than in the other treatments showed the determinative effect of water availability in soil during the period for the coming grain filling. Aydinsakir et al. (2013) reported that low level of available water cause reduction in the 1000 grain weight resulted in low transition of photosynthesis matter and assimilates to kernels. These results are in close agreement with those of Çakir (2004), Ge et al. (2012) and Kuşçu & Demir (2012) .
Data in
Irrigation regime during different growth stages had a significant effect on grain weight per ear in the two seasons (Table 7) . Plants irrigated at 50 % DAM during entire season produced the heaviest grain weight per ear, while those irrigated at 65 % DAM during entire season produced the lowest one in both seasons. No significant difference in grain weight per ear was evidenced among all treatments receiving irrigation at 50 % DAM during the reproductive stage I VT-R3 or entire season in both seasons. Such increase in grain weight per ear obtained from sufficient soil moisture in the root zone during entire season or during the reproductive stage I VT-R3 may be due to the considerable increase in dry matter accumulation, leaf area index, crop growth rate and net assimilation rate which reflected in the higher number of kernels per ear and kernel weight and in turn increased grain weight per ear. Similar results were obtained by Borrás et al. (2003) , Çakir (2004) and Kebede et al. (2014) Data in Table 7 show that irrigation treatments I HHH , I HHL , I HLH , I LHH and I LHL though not significantly different, resulted in a substantial increase in shelling percentage compared with I LLL treatment in the two seasons. Plants irrigated at 50 % DAM during entire season exhibited the highest shelling percentage, while those irrigated at 65 % DAM during entire season exhibited the lowest one. Such increase in shelling percentage obtained from sufficient soil moisture in the root zone at the mentioned stages may be attributed to improved plant growth and in turn increased grain filling and grain weight per ear. These results are in agreement with the findings of Abayomi et al. (2012) , Khoshvaghti et al. (2013) and Zaki et al. (2014) .
Grain yield
Data in Table 7 show that irrigation regime during different growth stages had significant effect on grain yield per hectare in both seasons. Plants irrigated at 50 % DAM during entire season (I HHH ) out yielded those irrigated at 65 % DAM (I LLL ) in grain yield per hectare in both seasons. Application of (L) level at S 1 and S 3 (I LHH and I LHL ) did not cause significant yield reduction in the two seasons (Table 7) . Plants receiving irrigation at 50% DAM during entire season (I HHH ) or during S 2 stage (I HHL , I LHH and I LHL ) practically produced the same grain yield and significantly surpassed those receiving irrigation at 65% DAM during these stages (I HLL , I LLH , I LLL ) in both seasons. The treatment receiving low irrigation level during entire season (I LLL ) recorded the lowest values of grain yield in the two seasons. Figure 1 illustrated that irrigation at 65% instead of 50% DAM during any growth stage resulted in a decrease in grain yield than Irrigation at 50% DAM during entire season (I HHH ) in both seasons. The decrease in grain yield was ranged from 2.3 to 3.1% for I HHL , 7 to 7.2% for I HLH , 19.8 to 18.2% for I HLL , 2.4 to 3.2% for I LHH , 6.8 to 5.3% for I LHL , 14.7 to 17.4% for I LLH and 25.8 to 27.5% for I LLL treatments in both seasons, respectively. Figure 1 also shows that irrigation at 65% DAM during entire season (I LLL ) recorded the highest reduction percentage in grain yield followed by I HLL and I LLH in both seasons. The increase in grain yield at high soil moisture applied during the entire season or from beginning tasseling to mid-milk stage may be attributed to better early growth, viz LAI, dry weight per plant, CGR, plant height, ear length and ear diameter which were reflected in the significantly higher values of yield components viz. number of kernel per ear, ear kernels weight and 100-grain weight and ultimately grain yield. In this connection, Yılmaz et al. (2010) found that stress conditions created at early vegetative and after milk stage did not cause significant yield decrease. They stated that when the water stress imposed at the tasseling (before and after tasseling), the yield decrease was 29.1% parallel with the results of irrigation water saving 16.0% based on averages of two years. Khalili et al. (2013) reported that water deficit during productivity stage can cause severe reduction in yield and yield components of corn cultivars. Aydinsakir et al. (2013) showed that corn can grow under water deficit (moderate level) without significant reduction in the amount of grain yield.
These results are in harmony with those of Farré & Faci( 2009 ), Ge et al. (2012 , Igbadun et al.( 2008) and Khalili et al.( 2013) .
Some water relations
Seasonal applied irrigation water and stored water Amount of applied irrigation water (AW) and stored water (SW) from sowing to harvest as affected by irrigation regime during different growth stages of maize are presented in Table 8 Table 8 and Fig. 2 illustrated that Irrigation at 65% DAM instead of 50% DAM during any growth stage resulted in a substantially reduce in amount of applied water than irrigation at 50% DAM during entire season. The mentioned treatments saved from 505 to 1114 m 3 applied water in the first season and from 519 to 1124 m 3 in the second season than I HHH treatment (Table  8) . However, percentages of saving water obtained from low irrigation level during different growth stages were ranged from 11.3 to 25% in the first season and from 11.6 to 25.2% in the second season than high irrigation level (Fig. 2) .
Data in
Although, the irrigation treatments I HHL , I HLH , I LHH and I LHL were equivalent to I HHH in growth and grain yield, they were lower in amount of applied irrigation water. They saved at least 11.3, 13.6, 16 and 19.9 % applied water parallel with the yield decrease at the most 3.1, 7.2, 3.2 and 5.3% than I HHH treatment, respectively. Yılmaz et al. (2010) observed that when the water stress imposed at the tasseling (before and after tasseling), the yield decrease was 29.1% parallel with the results of irrigation water saving 16.0% based on averages of two years. 
Seasonal actual water consumptive use
The quantities of water lost as evapotranspiration (seasonal water consumptive use) became greater by increasing the amount of applied water in both seasons (Table 8) In general, the treatment I HHH gave the highest value of actual water consumptive use, while the lowest value was I LLL treatment. High value of actual water consumptive use at I HHH treatment can be attributed to the increase in evaporation at elevated available moisture; more supplying plants with sufficient moisture led to an increase in green cover and hence increase transpiration. These results agree with those of Aydinsakir et al. (2013) , Igbadun et al. (2008) and Pandey et al. (2000) who noticed that seasonal transpiration and evapotranspiration decreased with less seasonal water applied.
Water productivity
Water productivity (kg grain/m 3 water) is considered as an evaluation parameter of yield per unit of applied or consumed water. Data in Fig. 3 WP water applied was ranged from 1.51 to 1.60 kg grain/m 3 AW for I LHH , from 1.48 to 1.61 kg grain/m 3 AW for I LHL and from 1.22 to 1.28 kg grain/m 3 AW for I LLL in the two seasons. WP WCU was ranged from 1.51 to 1.60 kg grain/m 3 WCU for I LHH , from 1.48 to 1.61 kg grain/m 3 WCU for I LHL and from 1.22 to 1.28 kg grain/m 3 WCU for I LLL in the two seasons. The increase in water productivity for I LHH and I LHL treatments may be due to the high grain yield and less amount of applied water and water consumptive use. The I LHH and I LHL treatments were statistically at par with the I HHH treatment in high grain yield and they were lower than them in amount of applied irrigation water and water consumptive use. Kebede et al. (2014) reported that the 50% of field capacity treatments were higher 100% and the 75% FC treatments at the V14, R1 and R3 stages. Aydinsakir et al. (2013) found that the highest water use efficiency obtained from 50 % water applied treatment. Yenesew &Tilahun (2009) reported that 75% deficit water treatment gave higher water use efficiency from 75% deficit treatment than stressing by 50% deficit. Djaman (2011) stated that 60 % of fully irrigated treatment resulted in the highest irrigation water use efficiency.
Crop coefficient (Kc)
Effect of crop characteristics, climatic conditions and irrigation frequency on crop water requirements is indicated by the crop coefficient (Kc) which represents the relationship between reference potential (ET 0 ) and actual crop evapotranspiration (ETA). Results of calculated values of crop coefficient (K) from the best irrigation treatment (I LHL ) are shown in Table 9 . Figure 5 shows that Kc value increased gradually from emergence until the reproductive stage I from onset tasseling to med-milk stage (VT-R3) and then decreased in both seasons. The maximum Kc value was at VT-R3 stage (viz. tasseling, silking, blister and mid-milk stages). This was expected because of the fast elongation and the peak of dry matter accumulation occurred during this stage. The above mentioned stage is critical and has been shown to have the highest water requirement for maize. The high soil moisture level was adapted in the present study during this stage in which maize can be hurt the most when use exceeds supply. The values of Kc for the best treatment (I LHL ) according the Penman Monteith equation were 050, 0.60, 0.63, 0.55 and 0.50 for the growth stages emergence, vegetative-tasseling, tasseling-milk, milk-dent and dent-maturity stages, respectively in the first season, while these values were 0.36, 0.47, 0.65, 0.62 and 0.52 in the second season. The maximum value throughout the two seasons was during from onset tasseling to mid milk stages.
At North Delta, Penman Monteith equation can be used in determining the actual consumptive use and the average of crop Coefficient (Kc) for the two seasons was found to be 0.43, 0.54, 0.64, 0.58 and 0.51 during emergence, vegetative-tasseling, tasseling-milk, milk-dent and dent-maturity stages, respectively. Gao et al. (2009) reported that crop Coefficient of maize varied at different growth stages, at initial, mid and late from 0. 36-0.37, 1.18-1.19 to 0.22-0.28, respectively. Djaman (2011) found that the Kc values and their magnitude gradually decreased with decreasing irrigation amounts. These results agree with Jiang et al. (2014) , Li et al. (2008) and Williams & Ayars (2005) .
Conclusion
It can be concluded that irrigation at 65% DAM during vegetative stage followed 50% DAM during VT-R3 stage and 65% DAM during reminder season (I LHL ) was the best treatment which resulted in high grain yield with less amount of applied irrigation water and consumptive use in Kafr El-Shiekh Governorate.
